Objective: To analyse the impact of the International Nosocomial Infection Control Consortium (INICC) multidimensional approach (IMA) on ventilator-associated pneumonia (VAP) rates in three intensive care units (ICUs) from two hospitals in Kuwait City from January 2014 to March 2015.
Background
Ventilator-associated pneumonias (VAPs) are considered to be among the most serious device-associated infections in the intensive care unit (ICU) setting (Arabi et al., 2008; Rosenthal et al., 2003b) . According to studies from developed and limited-resource countries (Arabi et al., 2008; Rosenthal et al., 2005) , the most important clinical consequences attributable to VAP are increased mortality rates (Rosenthal et al., 2005) , significant morbidity (Bouadma et al., 2012) and increased length of stay (Rosenthal et al., 2005) . If economic aspects are considered, VAPs are also responsible for significant increases in healthcare costs, as reported in both developed and limited-resource countries (Rosenthal et al., 2005) . Although hospitals in limited-resource countries do implement basic infection control programs, compliance with infection control practices is variable and the burden posed by VAP is not systematically analysed in these settings (Arabi et al., 2008) . As reported by the International Nosocomial Infection Control Consortium (INICC) in pooled studies (Rosenthal et al., 2006b (Rosenthal et al., , 2008 (Rosenthal et al., , 2010 (Rosenthal et al., , 2012b and, in particular, studies from Kuwait (Al-Mousa et al., 2016) , the rates of VAP have been determined to be 3-5 times higher in resource-limited countries than in more economically developed countries.
It was shown in the scientific literature that the incidence of VAP in developed countries can be substantially prevented and reduced by >30% through basic but effective measures, such as those described in the Institute for Healthcare Improvement (IHI) Ventilation Bundle (IHI, 2012) : (1) elevation of the head of the bed at 30-45°; (2) daily sedative interruption and daily assessment of readiness to extubate; (3) peptic ulcer disease prophylaxis; (4) deep venous thrombosis prophylaxis; and (5) daily oral care with chlorhexidine (Arabi et al., 2008; Rosenthal, 2011) .
Founded in Argentina in 1998, the INICC was the first multinational research network established to control and reduce healthcare-associated infection rates at an international level through the analysis of data collected on a voluntary basis by a pool of hospitals from 66 countries in Latin America, Europe, Eastern Mediterranean, South East Asia, and Western Pacific World Health Organization (WHO) regions (Rosenthal, 2016) . The goals of the INICC include the development of a dynamic global hospital network that applies systematic surveillance with standardised definitions and methodologies of CDC/NHSN (CDC/ NHSN, 2013), the promotion of evidence-based infection control practices and the performance of applied infection control research to reduce rates of healthcare-associated infections, associated mortality, excess lengths of stay, costs and bacterial resistance (Rosenthal, 2016) .
The present study was aimed to determine the effect of the INICC multidimensional approach (IMA), which included: (1) a bundle of infection prevention practice interventions; (2) education; (3) outcome surveillance; and (4) feedback on VAP rates and consequences, through the use of the INICC Surveillance Online System (ISOS) for the reduction of VAP rates in three adult ICUs of two hospitals in Kuwait City. The main justification for conducting this study was to increase knowledge of the incidence of VAPs in Kuwait and, through its publication, spread awareness on the readily available tools and methods for the reduction of this health burden.
Methods

Setting and study design
This prospective, non-controlled before-after study was conducted in three adult ICUs of two INICC member hospitals in Kuwait City. The study period was divided into a three-month 'baseline period' and an 'intervention period' starting from the fourth month of participation. The results obtained from the 'baseline period' were compared to the results obtained during 'intervention period'. Each ICU had an infection control team comprising infection control professionals and medical doctors with formal education and background in internal medicine, critical care, infectious diseases, microbiology and/or hospital epidemiology.
In accordance with the INICC protocol, hospitals' identities were kept confidential and patient personal data were anonymised. Because this was an epidemiological surveillance study which did not include tests of experimental drugs, biomedical devices or products, and patient data were anonymised, informed consent was not necessary according to the ethics committees that evaluated and approved the study.
It is worth clarifying that the methodology of ISOS has been used by INICC members since 2013, although the publication describing it was published in 2016 (Rosenthal, 2016) .
Baseline period
The baseline period was from 1 January 2014 to 31 March 2014. This was a cohort study and each ICU joined the study simultaneously. During the baseline period, only VAP Outcome Surveillance was conducted. The length of the baseline period was three months due to the following reasons.
(1) The sample size of patients and number of months of data collection during baseline period were sufficient enough to be compared with data from the intervention period. From a statistical perspective, the issue is addressed by considering the changes in rates over time. The relatively short baseline period may impact the standard error of our estimates, but we found that this would not cause a bias in the results, because there would not be systematic differences between the two groups. (2) Our priority was to start intervention as soon as possible and achieve the desired results, such as VAP rate and mortality rate reduction.
Intervention period
The intervention period started in the fourth month of participation, from 1 April 2014 to March 2015, and included the simultaneous implementation of four components of the IMA, which are described below.
INICC multidimensional approach (IMA)
In this study, the IMA comprised the simultaneous implementation of the following four components for VAP prevention: (1) a bundle of infection prevention practice interventions; (2) education; (3) outcome surveillance; and (4) feedback on VAP rates and consequences. Although the IMA includes two other components-namely, performance feedback and feedback on VAP rates and consequences (Rosenthal, 2016 )-due to budget restrictions in this study, process surveillance was not conducted, and so performance feedback was not provided either.
The contents of the IMA include CDC/NHSN's surveillance methodology, but they also include the collection of other specific patient data essential to increase infection control professionals' sensitivity to check VAP criteria, detect VAPs and avoid underreporting (CDC/NHSN, 2013) . According to standard CDC/NHSN methods, numerators are the number of VAPs of each type and denominators are device-days collected from all patients as pooled data, i.e. without determining the number of device-days related to a particular patient and without collecting characteristics per specific patient (CDC/NHSN, 2013) . This differs from the IMA in that the design of the cohort study through the INICC methods also includes collecting specific data per patient from all patients, both those with and those without VAP, collecting risk factors of VAPs, such as invasive devices, and surrogates of VAPs, which include, but are not limited to, high temperature, low blood pressure, results of cultures, antibiotic therapy, length of stay and mortality. Moreover, by collecting data on all patients in the ICU, it is possible to match patients with and without VAP by several characteristics to estimate extra length of stay, mortality and cost (Rosenthal, 2016) .
The data concerned in the IMA were registered and uploaded to the ISOS. The following modules of the ISOS were used: Cohort VAP surveillance in adult ICU patients and microbiology for adult and paediatric patients (Rosenthal, 2016) .
Bundle of infection prevention practice interventions
The bundles of infection prevention practice interventions were designed following the recommendations and guidelines published by the Society for Health Care Epidemiology of America (SHEA) and the Infectious Diseases Society of America (IDSA) published in 2008 (Marschall et al., 2008) and in 2014 (Yokoe et al., 2014) , as well as elements of the IHI Ventilation Bundle (IHI, 2012). These recommendations for VAP prevention are classified into categories regarding the existing scientific evidence, applicability and their prospective economic effects. In total, we implemented 13 infection control measures for VAP prevention.
Components of INICC Infection Control Bundle for VAP prevention
(1) Adherence to hand-hygiene guidelines; (2) use of noninvasive ventilation whenever possible and minimisation of the duration of ventilation; (3) preferable use of orotracheal instead to nasotracheal intubation; (4) maintenance of an endotracheal cuff pressure of at least 20 cm H 2 O; (5) removal of the condensate from ventilator circuits and keeping the ventilator circuit closed during condensate removal; (6) change of the ventilator circuit only when visibly soiled or malfunctioning; (7) avoidance of gastric overdistention; and (8) use of sterile water to rinse reusable respiratory equipment (Yokoe et al., 2014) .
In addition, we also applied the following five elements of the bundle for VAP prevention developed by the IHI (Rosenthal et al., 2003a) : (1) elevation of the head of the bed at 30-45°; (2) daily sedative interruption and daily assessment of readiness to extubate; (3) peptic ulcer disease prophylaxis; (4) deep venous thrombosis prophylaxis; and (5) daily oral care with chlorhexidine.
Education
Education sessions were provided to all healthcare workers (HCWs) in the participating ICUs about the infection control measures contained in the above-described INICC Infection Control Bundle for VAP prevention. During the first phase, at baseline period, the INICC team locally trained the infection control professionals at the hospitals on how to conduct surveillance and upload surveillance data to the ISOS. During intervention, the INICC team locally provided education and training sessions to infection control professionals on the 13 components of the INICC Infection Control Bundle (Rosenthal, 2016) for VAP Prevention (training the trainers). In turn, on a monthly basis, infection control professionals at the hospitals trained the ICU teams on how to implement the mentioned bundle components. Education sessions can be measured regarding its efficacy through its impact on rates of compliance with the bundle components. However, as mentioned above, due to budget constraints, we did not conduct process surveillance, which would have evaluated such compliance levels.
Outcome surveillance
Prospective active outcome surveillance through the ISOS allows the classification of cohort surveillance data into specific module protocols that applied U.S. CDC/NHSN's definitions for VAP published in 2013 (CDC/NHSN, 2013). The site-specific criteria included reporting instructions and provided full explanations integral to their adequate application (Rosenthal, 2016) .
Validation of each case was checked and the recorded signs and symptoms of infection and the results of cultures, laboratory and radiographic studies, as well as other tests, were scrutinised to assure that U.S. CDC/NHSN's criteria for VAPs were met (Rosenthal, 2016) .
Feedback on VAP rates and consequences
The infection control professionals generated reports through the ISOS. The ICU HCWs received feedback on VAP rates and their consequences at monthly meetings held by infection control professionals who shared and discussed the results of ISOS. These reports contained several charts and tables that showed a running record of the monthly cohort surveillance data, including patient characteristics, such as age and sex, proportion of VAPs, including pooled means of VAP and of MV device utilisation ratios (DURs), microorganisms profile, bacterial resistance, extra length of stay and extra mortality attributable to VAPs, and benchmark of these rates against standards from the CDC-NHSN report of 2013 (Dudeck et al., 2015) , the last INICC Report of 50 countries , against standards from the Kingdom of Saudi Arabia, and INICC reports from Turkey, India, Colombia and Mexico.
Benchmarking was an important tool to increase the level of awareness of patient outcomes at their ICUs in comparison with other national and international standards, and to enable the infection control professionals and ICU team to focus on the necessary issues and apply specific strategies for the reduction of VAP rates.
Data collection and analysis
The ISOS meets the criteria set out in the INICC protocol and CDC-NHSN criteria, which were followed by the infection control professionals who collected daily data on VAPs and denominator data, patient-days and specific device-days in the ICUs.
These data were uploaded to the ISOS, and were used to calculate VAP rates per 1000 MV-days, mortality and length of stay, according to the following formulas: (1) MV-days consisted of the total number of days of each patient's exposure to mechanical ventilation; (2) DUR equals the total number of MV-days divided by the total number of beddays; (3) VAP rate per 1000 MV-days was calculated according to CDC/NHSN formula (CDC/NHSN, 2013).
Statistical methods
INICC Surveillance Online System (ISOS) version 2.0 (Buenos Aires, Argentina) was used to calculate VAP rates and DUR. Patients' characteristics were compared using Fisher's exact test for dichotomous variables and independent Student's t-test for continuous variables; p values < 0.05 from two-sided tests were considered significant.
We conducted two types of analysis to evaluate the impact of our intervention on VAP rates. First, we performed an analysis to compare the data of the first three months (baseline period) with the remaining pooled months (intervention period), using incidence density ratio (IDR), 95% confidence interval (CI) and p values. Second, in order to analyse progressive VAP rate reduction, we divided the data into the first three months (baseline period), followed by a follow-up period (intervention period) for the three participating ICUs: a six-month follow-up period for two ICUs and a three-month follow-up period for one ICU. We compared the VAP rates for each follow-up period with the baseline VAP rate. We compared the VAP rates for each follow-up period with the baseline VAP rate.
In order to avoid possible bias related to the observational nature and design of this study, a generalised linear model was employed. Thus, other variables that could influence the results acting as potential confounders or effect modifiers were controlled by analysis. We estimated the effect of the intervention on VAP by means of a logistic regression model. A set of co-variables was included to account for possible interactions and confusion effects. A backward procedure that compares nested models using the Akaike Information Criterion (AIC) was carried out to get the final set of significant co-variables. Collinearity among independent variables was measured using the variance inflation factor (VIF). We calculated the odds ratio (OR) and 95% CI for the intervention and MV-days. The effectiveness of the intervention was calculated using the formula: (1−OR)×100, where OR is the adjusted OR estimated by the model. All statistical analyses were performed using the R software version 3.2.2.
Results
During the study period, we recorded a total of 2507 patients, hospitalised for 14,453 days, with a total of 11,776 MV-days, at two hospitals in Kuwait City, in the following types of adult ICUs: two medical/surgical ICUs (1941 patients) and one coronary ICU (566 patients).
Some patient characteristics, such as age, were similar during both periods (mean age = 51.8 [18.3] during baseline and 50.1 [19.5] during intervention; p = 0.066). However, sex proportion was significantly different, with more women during the intervention period (75% [n = 138] male during baseline vs. 65% [n = 725] male during intervention; p = 0.000.) Mean MV duration was similar during the baseline and the intervention periods, while MV DUR was significantly higher during the intervention period, which increased the risk of VAP (Table 1) .
During the baseline period, we recorded 1990 MV-days, for a mean MV use of 11.3 days and a MV utilisation ratio of 0.68 per bed-day. Merging all data of the intervention period, during the implementation of the INICC multidimensional infection control approach, we recorded 9786 MV-days, for a mean MV use of 11.0 days and an MV utilisation ratio of 0.78 per bed-day. These results show that the difference between the ratio of bed-days and MV-days during intervention was much lower than during baseline (1.6 vs. 1.15), which would mean that during intervention the patient was much less likely to be mechanically ventilated than during baseline (Table 1) .
At baseline, there were 14 VAPs, for an overall rate of 7.0 VAPs per 1000 MV-days. Merging all data of the intervention period, during the implementation of the INICC multidimensional infection control approach, there were 35 VAPs for an incidence rate of 3.6 per 1000 MV-days. These results showed an overall VAP rate reduction from baseline by 57.1%, comparing months 1-3 against all remaining periods (IDR = 0.51; 95% CI = 0.28-0.93; p = 0.042) ( Table 1) .
During the baseline period (1-3 months), the VAP rate was 7 VAPs per 1000 MV-days; during months 4-6, it was 4.3 VAPs per 1000 MV-days; during months 7-12, it was 3.7 VAPs per 1000 MV-days; and during months 13-24, it was 3 VAPs per 1000 MV-days. These results showed a progressive, maintained reduction during all the study period from 7 to 3 VAPs per 1000 MV-days (Table 2) .
The results of the logistic regression model are presented in Table 3 . These results showed a significant reduction in the VAP risk in patients during the intervention period, when controlling for the number of MV-days and the hospital/ICU (OR = 0.39, 95% CI = 0.18-0.83). The model also detected a significant excess risk for a unit increase in the MV (OR = 1.07, 95% CI = 1.05-1.09), and an excess risk associated with one ICU (OR = 2.12, 95% CI = 1.01-4.45). The adjusted effectiveness of the intervention was 61% (95% CI = 17-82%). There were no significant interactions detected among predictor variables. Collinearity indices in the final model were low (1.043-1.125), indicating absence of collinearity among the independent variables. The microorganisms profile is shown in Table 4 . The predominant microorganism in both phases was Acinetobacter baumanii.
Discussion
Within the limited scope of studies addressing the burden of VAPs in Kuwait, the VAP rate found in our study at baseline was similar to the rate of 9 VAPs per 1000 MV-days reported by Aly et al. (2008) .
In comparison with international VAP rates, the VAP baseline rate found in this study (7.0 per 1000 MV-days) was similar to the 6.8 rate determined by the German surveillance system KISS (Geffers and Gastmeier, 2011) and lower than the last international INICC report, data summary of 50 countries for 2010-2015 (13.1 VAPs per 1000 MV-days) . By contrast, the baseline rate of VAP determined in this study was almost tenfold higher than the U.S. 0.8 VAP rate per 1000 MV-days determined by the CDC/NHSN for 2013 (Dudeck et al., 2015) .
During the study period, the high VAP rate at baseline was reduced from 7.0 to 3.0 per 1000 MV-days (IDR = 0.51; 95% CI = 0.28-0.93; p = 0.042), showing a 57.1% VAP rate reduction. This reduction was achieved despite the higher patient intrinsic risk during the intervention period shown Table 4 . Microorganism related to ventilator-associated pneumonia in adult intensive care units in phase 1 (baseline period) and phase 2 (intervention period). by the statistically significantly higher MV DUR and MV duration means. Additionally, a substantial difference was observed between the ratio of bed-days and MV-days during intervention, which was much lower than during baseline (1.6 vs. 1.15), which would mean that during intervention the patient was much less likely to be mechanically ventilated than during baseline.
References from the literature showing a similar reduction include previous studies performed by INICC in which the implementation of a four-or six-component multidimensional approach for VAP prevention resulted in significant reductions in rates of VAP in Argentina (51.28 vs. 35.50 VAPs per 1000 MV-days) (Rosenthal et al., 2006a) , China, amounting to a 79% cumulative VAP rate reduction during the three-year study period (Tao et al., 2012) , Cuba (52.63 vs. 15.32 VAPs per 1000 MV-days ) (Guanche-Garcell et al., 2013) , Turkey (31.14 vs. 16.82 VAPs per 1000 MV-days) (Leblebicioglu et al., 2013), India (17.43 vs. 10 .81 VAPs per 1000 MV-days) (Mehta et al., 2013) , Malaysia (27.2 vs. 12.9 VAPs per 1000 MV-days) (Gan et al., 2016) and in the pooled VAP rates of paediatric ICUs (31% VAP rate reduction) (Rosenthal et al., 2012a) , neonatal ICUs (33% VAP rate reduction) (Rosenthal et al., 2012d) and adult ICUs (55.83% VAP rate reduction) (Rosenthal et al., 2012c ) of limited-resource countries.
The logistic regression analysis showed that the intervention led to a significant reduction in the VAP risk and this relationship was modulated by the number of days spent in MV. Moreover, based on the model's results, the effectiveness of the intervention was > 60%, which means there was an important and statistically significant reduction in the patients' VAP risk associated with the INICC method. The model also showed that one ICU represented an excess risk with respect to the others, a possible indication that the results of the intervention were not uniformly distributed between ICUs.
We consider that through the implementation of the IMA, it was possible to raise HCWs' awareness about the risk of VAP, and hence they were less likely to recommend MV use. This probably led to fewer patients to be mechanically ventilated, which in turn led to the reduction of the likely hood of developing VAP. This increased awareness would also explain the results shown in Table 2 (lower rate of MV in year 2 than in baseline.)
Regarding causative microorganisms we identified a predominance of Acinetobacter baumanii during both periods (58.3% and 59.4% for the baseline and intervention periods, respectively). According to the scientific literature from Kuwait, the predominance of Acinetobacter spp. has been identified among the most opportunistic pathogens that causes serious healthcare-associated complications in ICU patients and multidrug resistance of these pathogens has increased dramatically in hospitalised patients (Vali et al., 2015) .
Study limitations
The main limitation of this study is that our findings cannot be generalised to and are not representative of all ICU patients from Kuwait as they are from three ICUs in two hospitals, and there are over 80 healthcare centres spread over six regions of the country (WHO, 2016) . In addition, differences among the ICUs were not examined. However, it was shown that a multidimensional approach is fundamental to fight against the incidence of VAPs in this ICU setting. Second, the setting of a three-month baseline period may be short and might have overestimated the effect of the intervention. Nevertheless, during the baseline period, the sample size was sufficient and the CIs for the baseline rate were narrow. Third, due to budget restrictions, process surveillance, which would have measured the level of performance by HCWs of the bundle of prevention practices, was not recorded, and we were not able to provide performance feedback, nor an analysis to explain the extent to which some interventions were more effective than others in the reduction of VAP rates. Finally, this was not a controlled study and, therefore, it was susceptible to different types of bias. In this regard, the inclusion of the regression analysis helped to control the effect of potential confounders.
Conclusions
This is the first multicentre study to report a substantial reduction in VAP rates in the ICU setting of Kuwait. The implementation of the IMA resulted in significant reductions in the VAP incidence rate, but this is part of a work in progress, which will continue to show further improvements, because the IMA is now being implemented in an increasing number of hospitals from this country. In addition, these results are significant in at least two major respects: the systematically collected data serve as guidance for strategies to improve patient care practices; and these preventive strategies proven effective in the INICC ICUs of Kuwait can promote a wider acceptance of infection control programmes in hospitals worldwide, leading to significant VAP rate reduction.
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